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Bleaching  Powder 
Explosions  ' 

By  Augustus  H.  Gill 

Massachusetts  Institute  op  Technology,  Cambridge,  Mass. 

Bleaching  powder  has  been  the  cause  of  many  serious  accidents 
by  exploding  in  the  cans  or  drums  in  which  it  was  packed.  An 
investigation  of  the  cause  of  these  explosions  shows  that  oxygen  is 
evolved  from  bleaching  powder  under  ordinary  commercial  con- 
ditions in  12-ounce  cans  and  larger  air-tight  packages,  in  quanti- 
ties sufficient  to  produce  serious  explosions.  This  evolution  is 
caused  by  oxide  of  iron  with  manganese  oxides  as  accelerators, 
acting  upon  calcium  hypochlorite,  calcium  chlorate,  and  perhaps 
calcium  perchlorate. 

BLEACHING  powder  is  not  usually  thought  of  as  a  par- 
ticularly dangerous  substance;  yet  it  has  occasioned 
many  serious  accidents.  It  probably  would  not  be  dan- 
gerous if  it  could  be  manufactured  free  from  certain  impurities 
that  are  the  cause  of  its  premature  decomposition  and  gener- 
ation of  oxygen.  A  can  of  the  powder  is  opened  with  no 
more  thought  than  in  opening  a  can  of  tomatoes,  when,  upon 
the  cover  being  loosened,  a  slight  pop  throws  the  powder 
about,  upon  the  person,  and  not  infrequently  into  the  face 
and  eyes,  resulting  in  impaired  vision  or  even  blindness. 

A  good  many  cases  have  been  reported  in  which  eye  burns 
were  received  as  a  result  of  removing  the  covers  of  such  cans, 
and  it  seems  advisable  to  sound  a  warning  against  carelessness 
in  this  operation.* 

About  twelve  cases  have  come  to  the  attention  of  the 
writer,  and  he  knows  of  a  prosperous  bleaching  powder 
packing  firm  that  was  forced  into  bankruptcy,  largely  in 
consequence  of  damage  suits  from  tliis  cause. 

The  throwing  about  of  the  powder  has  been  largely  pre- 
vented by  a  recent  device  in  which  a  pasteboard  disk  is 
dropped  in  the  top  of  the  filled  can  just  before  covering,  or 
it  can  be  prevented  by  piercing  the  can  before  it  is  opened. 

The  question  as  to  the  cause  and  possible  remedy  came  to 
the  writer  for  investigation  in  connection  with  future  litigation. 

Reports  of  Explosions 
The  first  to  report  a  bleaching  powder  explosion  was  the 

'  Received  November  26,   1923. 

'  Contribution  No.  85  from  the  Technical  Analysis  Laboratory. 
»  The   Travelers  Standard,  9,   226    (1921),   published   by  the  Travelers 
Insurance  Company  and  The  Travelers  Indemnity  Company. 
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famous  A.  W.  Hofmann.*    The  description  is  so  graphic 
that  it  is  here  given  in  his  own  words  (translated) : 

One  morning  (I  think  it  was  in  the  summer  of  1858),  when 
entering  my  laboratory,  which  I  had  left  in  perfect  order  on  the 
previous  evening,  I  was  surprised  to  find  the  room  in  the  greatest 
confusion.  Broken  bottles  and  fragments  of  apparatus  lay 
about,  several  windowpanes  were  smashed,  and  all  the  tables 
and  shelves  were  covered  with  a  dense  layer  of  white  dust.  The 
latter  was  soon  found  to  be  chloride  of  lime,  and  furnished  with- 
out difficulty  the  explanation  of  this  strange  appearance. 

At  the  conclusion  of  the  Great  E-xhibition  of  1851,  M.  Kuhl- 
mann,  of  Lille,  had  made  me  a  present  of  the  splendid  collection 
of  chemical  preparations  which  he  had  contributed.  The  beauti- 
ful large  bottles  were  for  a  long  time  kept  as  a  collection ;  gradu- 
ally, however,  their  contents  proved  too  great  a  temptation,  and 
in  the  course  of  time  all  the  substances  had  been  consumed. 
Only  one  large  bottle,  of  about  10  liters  capacity  and  filled  with 
chloride  of  lime,  had  resisted  all  attacks :  the  stopper  had  stuck 
so  fast  that  nobody  could  get  it  out;  and  after  many  unsuccessful 
efforts — no  one  venturing  to  indulge  in  strong  measures  with  the 
handsome  vessel — the  bottle  had  at  last  found  a  place  on  one  of 
the  highest  shelves  of  the  laboratory,  where  for  years  it  had  re- 
mained lost  in  dust  and  oblivion,  until  it  had  forced  itself  back 
on  our  recollection  by  so  energetic  an  appeal.  The  explosion 
had  been  so  violent  that  the  neck  of  the  bottle  was  projected  into 
the  area,  where  it  was  found  with  the  stopper  still  firmly 
cemented  into  it. 

Only  an  occasional  reference  to  the  decomposition  of 
bleaching  powder  can  be  found  in  the  Uterature*  since  that 
time.  The  decomposition  of  its  solutions  by  small  amounts 
of  catalysts,  as  cobalt  and  nickel,  is  well  known,  and  has  been 
carefully  studied.^  During  the  war,  in  the  years  1917-1919, 
one  large  manufacturer,  at  least,  had  trouble  from  this  cause. 
On  several  occasions,  800-pound  drums  exploded  within 
24  hours  after  packing;  in  some  cases,  within  5  or  10  minutes 
after  the  bleach  was  packed  the  drum  would  become  so  hot 
that  the  paint  would  be  burned  off  it.  Thousands  of  drums 
were  stored  unprotected  from  the  sun  and  weather,  and  as 
a  result  a  large  number  burst  open.  When  shipped  in  car 
lots,  sometimes  eight  or  more  out  of  fifty-five  drums  would 
burst  en  route.  The  bleaching  powder  contained  30  to  35 
per  cent  of  available  chlorine.  This  chloride  of  lime  accu- 
mulated because  the  demand  for  it  was  less  than  for  its  con- 
comitant product,  caustic  soda.  A  long  series  of  complaints 
to  the  company  elicited  no  reply  accounting  for  the  trouble. 

There  is  no  doubt,  therefore,  of  explosions  of  the  small 
airtight  cans  and  also  of  the  large  drums  of  the  bleaching 
powder,  and  that  the  cause  may  not  have  been  sufficiently 
well  understood  by  the  manufacturers  to  explain  it  to  their 
customers. 

On  testing,  the  small  12-ounce  cans  were  found  to  be  under 
pressures  as  high  as  13.6  pounds  per  square  inch.  The  gas 
producing  this  pressure  was  chiefly  oxj^gen: 

2CaCl20  =  2CaCl2  +  O2  or  CaCWi  =  CaCh  +  Oj 
*Am.  J.  Pharm.,  [•?]  9,  72  (1861). 
»C.    A.,   2,   3131    (1908). 
«  Bell,  Z.  anorg.  Chem.,  82,  145  (1913). 
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Causes  of  the  Evolution  of  Oxygen 

Bearing  in  mind  the  decomposition  of  solutions  of  bleach- 
ing powder  by  small  quantities  of  cobalt  compounds,  a  sim- 
ilar catalyst  was  sought  in  the  powder  in  question.  This 
was  found  in  iron  and  manganese/  both  of  which  were  pres- 
ent, and  both  mixed  together  seem  to  work  better  than 
either  singly.  Inspection  of  the  marble  quarry  furnishing 
the  limestone  for  the  lime  disclosed  the  fact  that,  while 
for  the  most  part  it  was  pure  white  and  of  excellent  quality, 
it  was  occasionally  traversed  by  veins  of  pink  marble  that 
contained  appreciable  quantities  of  iron  and  manganese. 

A  plausible  explanation  of  the  evolution  of  oxygen  is  found 
in  the  fact  that  the  moisture  in  the  bleaching  powder  would 
furnish  sufficient  aqueous  vapor  to  carry  on  the  reaction, 
and  that,  while  the  iron  and  manganese  contents  of  the  can 
as  a  whole  may  not  be  abnormal,  yet,  from  the  fact  that  they 
were  unevenly  distributed  or  segregated,  enough  would  be 
present  in  certain  lumps  to  catalyze  the  reaction. 

These  catalysts  may  have  been  formed  as  follows:  The 
burning  of  the  limestone  to  lime  would  also  change  the  iron 
and  manganese  compounds  into  oxides,  which  in  turn  would 
be  acted  upon  by  the  chlorine  in  the  chambers  and  changed 
to  chlorides.  After  being  packed  into  drums  these  chlorides 
could  be  dissolved  by  the  moisture  present  and  freshly  pre- 
cipitated as  the  hydrated  ic  oxides  by  the  chloride  of  lime. 
By  laboratory  experiments  with  solutions  of  ferric  and 
manganic  salts  and  chloride  of  Hme,  it  was  found  that  the 
hydroxides  were  precipitated.  When  dried  at  a  low  heat, 
these  precipitates  were  found  to  catalyze  energetically  the 
commercially  dry  chloride  of  hme.  Only  2.5  grams  of  bleach- 
ing powder  (a  level  teaspoonful),  or  0.7  per  cent  of  the  con- 
tents of  the  can,  would  be  sufficient  to  evolve  224  cc.  oxygen, 
causing  the  observed  pressure  of  13.6  pounds.  The  widely 
varying  content  of  iron  and  manganese  would  thus  account 
for  the  explosion  and  heating  of  some  of  the  different  drums 
and  cans,  and  not  others. 

It  is  reported  that  during  the  war,  drums  of  bleaching  pow- 
der, colored  either  with  oxide  of  iron  or  carbon  black  as  a 
means  of  identification,  blew  up  in  such  numbers  as  to  cause 
discontinuance  of  the  coloring. 

A  second  source  of  oxygen  is  found  in  the  calcium  chlorate 
(and  perhaps  perchlorate),  which  is  always  present  in  bleach- 
ing powder.  In  the  works  in  question,  but  one  absorption 
chamber  could  be  artificially  cooled  by  brine  at  that  time; 
the  bleach  from  this  gave  little  or  no  trouble,  while  that  from 
other  imperfectly  cooled  chambers  heated  rapidly. 

It  is  well  known  that  heat  favors  the  formation  of  chlorates 
from  chlorine  and  bases. 

'  Roscoe  and  Schorlemmer,  "Treatise  on  Chemistry,"  Vol.  II,  1913, 
p.  543,  say  "iron  and  manganese  compounds  *  *  *  gradually  decompose  the 
bleach,  both  when  dry  and  when  dissolved." 
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It  is  probable  that  the  calcium  chlorate  was  similarly 
catalyzed  to  the  hypochlorite. 

Laboratory  Experiments  and  Analyses 

Analysis  of  Limestones — The  quarry  was  an  extensive 
one  in  Massachusetts.  Samples  were  taken  from  the  east 
side,  where  the  average  was  higher  in  iron,  from  the  middle, 
and  from  the  veins. 


Sample 

Fe 
Figured  as  Fe; 
Per  cent 

iOs 

Figi 

Mn 
ured  as  MnOj 
Per  cent 

East 
Middle 

Vein 

0.050 
0.007 
0.f>20 
0.210 
0.820 

0  0095 

None 

0.0070 

0^019 

Average  of 

quarry 

Trace 

0.0047 

Analysis  of  Bleaching  Powders — It  is  highly  probable 
that  these  analyses  had  been  previously  madp  from  lime  like 
that  coming  from  the  limestone,  analyses  of  which  are  given 
in  the  preceding  table. 


Fe203 

Mn02 

Pre: 

-siirt-  in  Can 

Sa.mplb 

Per  cent 

Per  cent 

Pnnn.is 

R 

0.0S3 

0 . 0039 

12  25 

Hi 

0.135 

0.0023 



C 

0  075 

0.0036 

13.60 

Gi 

0.132 

0 . 0048 

C 

0.092 

0.0047 

Attention  is  called  to  the  great  differences  in  iron  and  man- 
ganese content  from  the  same  can  (£"1,  Gi).  This  substan- 
tiates a  previous  statement,  and  has  been  verified  by  another 
observer.  The  percentage  of  available  chlorine  was  about 
29. 

Analysis  op  Various  Samples  op  Bleaching  Powder  That  Have  Caused 
Explosion  Damage  Suits 

Fe203  MnOj 

Sample  Per  cent  Per  cent 

J  0.108  0.0024 

O  0.119  0.007 

S  0.105  0.009 

T  0.093  0.007 

A  very  pure  sample  from  a  company  that,  so  far  as  is  known,  had  no 
trouble,  gave  0.075  per  cent  iron  and  0.002  per  cent  manganese. 

Action  of  Iron  and  Manganese  Oxides  on  Bleaching 
Powder 

One  hundred  grams  of  the  bleaching  powder  from  this  very 
pure  sample  were  put  into  300-cc.  Erlenmeyer  flasks,  and 
various  quantities  of  the  oxides  of  iron  and  manganese  added. 
These  oxides  were  prepared  by  precipitating  solutions  of  the 
ic  salts  with  chloride  of  hme  solutions,  and  drying  in  the  open 
air,  away  from  dust. 

Each  of  the  flasks  was  connected  with  a  single  aspirator 
bottle,  in  which  the  oxygen  was  collected  and  measured. 
The  outflow  from  the  bottle  was  so  arranged  that  a  very 
sUght  positive  pressure  prevailed  in  the  flasks.  The  flasks 
were  kept  in  a  water  bath  at  about  38°  C.  (100°  F.)  in  a  room 
lighted  either  artificially  or  by  indirectly  diffused  daylight, 
and  were  shaken  from  time  to  time. 
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Cubic  Centimeters  op  Oxygen  Evolved 

FeaOi  FesOi 

^.  0.6%  0.6% 

Time  MnOa  Mn02  FesOj  Fe20j  Fe20i  MnOz  MnOi 

Hours  Blank  0.6%  0.6%  0.6%  0.6%  0.6%  0.024%  0.024% 

72         0  30          15  125  20  115  115          115 

240          0  175          30  610  50  350  625          225 

360          0  200          50  775  75  450  900          250 

384          0  200         75  825  125  500  960          2.50 

504          0  225          75  1000  125  500  1175          250 

552         0  250          75  1050  125  625  1275          300 

600         0  350         75  1150  125  650  1475          300 

3  months   0  1200         75  1800  200  625  2500         500 

A  study  of  the  table  shows  that  ferric  oxide  acts  much 
more  energetically  than  manganic  oxide,  and  their  mixture 
far  more  than  either  separately.  This  has  been  observed 
by    Fulton^    in    connection    with    physiological    processes: 

*  *  *  minute  amounts  of  iron  and  of  manganese  hasten  many 
reactions  *  *  *.  One  part  of  manganese  in  one  million  greatly 
accelerates  the  growth  rate  oi  Aspergillus  niger  (a  black  mold)  *  ♦  *. 
Moreover,  the  salts  of  copper,  iron,  and  manganese  serve  as 
powerful  catalyzers  for  peroxides. 

Inasmuch  as  the  results  given  in  this  table  form  one  series 
of  very  many  experiments  that  were  performed  by  indepen- 
dent observers  working  in  two  other  laboratories,  there 
would  seem  to  be  no  doubt  of  their  correctness.  The  re- 
action went  on  more  slowly  in  darkness,  when  the  flasks 
were  covered  with  a  double  brown  paper  bag. 

A  later  series  of  experiments  in  two  different  laboratories 
seems  to  indicate  that  the  addition  of  calcium  chlorate  to  the 
bleaching  powder,  with  the  catalyzers,  increases  and  pro- 
longs the  evolution  of  oxygen.  The  effect  of  calcium  per- 
chlorate  is  yet  to  be  studied. 

Time  did  not  permit  a  careful  quantitative  study  of  the 
reactions.  Nor  was  it  necessary.  It  was  enough  for  the 
purpose  of  the  investigation  to  prove  amply  that  oxygen 
could  be  evolved  in  quantity  sufficient  to  cause  the  explosions. 
The  quantitative  study  will  soon  follow. 
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